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Inserting a fixation device into a first segment of organic tissue along a central
axis of the fixation device
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Anchoring the tension element to a second segment of organic tissue such
that the tension element exits the fixation device at an axis independent of the
axis of the fixation device
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Anchoring the tension element at a proximal end of the fixation device

Anchoring the tension element at the proximal end to a
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1
VECTOR FIXATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of and
claims priority from U.S. patent application Ser. No. 15/208,
351, filed Jul. 12, 2016, which is a continuation application
of and claims priority from U.S. patent application Ser. No.
14/305,408, filed on Jun. 16, 2014, the entirety of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The field of the invention is medical devices, and more
specifically bone and tissue fixation devices.

Description of Related Art

Bones provide a rigid structure for the human body and
provide support and protection for various organs. Occa-
sionally, a bone, or other organic tissue, may become
fractured. In some cases, surgical methods are used to treat
fractured bones, in order to stabilize the bone so that the
fracture heals properly.

In some instances, orthopedic surgery requires the use of
implants to support orthopedic reconstruction. For example,
it may be necessary to insert bone screws, plates, pins, rods,
wires, interlocking nails, or other devices to support the
bone, or other tissue, while healing.

SUMMARY OF THE INVENTION

A fixation apparatus is provided that includes a reception
portion on a proximal end of the fixation apparatus. The
reception portion couples the fixation apparatus to a tension
element, and adjustment of the tension element with respect
to the fixation apparatus does not cause a change in a
position of the fixation apparatus. The fixation apparatus
also includes a chamber in a distal portion of the fixation
device. The chamber provides a supportive enclosure for a
tension element that runs through the chamber and is
anchored at the reception portion, and a force vector of the
tension element exiting at the distal end of the fixation
device is redirected at an axis independent of the axis of the
fixation apparatus from the proximal end to the distal end.

A method is provided for fractured bone repair. The
method includes inserting a fixation device into a first
segment of organic tissue along a central axis of the fixation
device. The method also includes threading a tension ele-
ment through a chamber portion of the fixation device. The
method also includes anchoring, at a proximal end of the
fixation device, the tension element to a button, wherein the
fixation device comprises a button reception portion that
couples the button to the fixation device. The method also
includes attaching the tension element to an anchor in a
second segment of organic tissue such that a force vector of
the tension element at the distal end of the fixation device is
redirected at an axis independent of the axis of the fixation
apparatus from the proximal end to the distal end.

A fixation apparatus is provided. The fixation apparatus
includes a chamber through a fixation device. The chamber
provides a supportive enclosure for a tension element that
runs through the chamber and couples to the fixation device
at a proximal end of the fixation device, and a force vector
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of the tension element at the distal end of the fixation device
is redirected at an axis independent of the axis of the fixation
apparatus from the proximal end to the distal end. The
fixation apparatus also includes a tissue engagement portion
of the fixation device. An outside surface of the tissue
engagement portion includes anti-migration elements to
secure the apparatus in the position in organic tissue, and a
force exerted on the tension element is redirected to secure
anatomy. Adjustment of the tension element with respect to
the fixation device does not cause a change in a position of
the fixation device.

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular descriptions of exemplary embodiments of the
invention as illustrated in the accompanying drawings
wherein like reference numbers generally represent like
parts of exemplary embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 sets forth a line drawing illustrating a cross section
view of an example fixation device for fractured bone or
tissue repair, according to one or more embodiments.

FIG. 2 sets forth a line drawing illustrating an example
fixation device fixation device for fractured bone or tissue
repair utilizing an external drive portion, according to one or
more embodiments.

FIG. 3 sets forth a line drawing illustrating an example
fixation device for fractured bone or tissue repair utilizing an
internal drive portion, according to one or more embodi-
ments.

FIG. 4 sets forth a line drawing illustrating a cross section
view of an example fixation device for fractured bone or
tissue repair utilizing a threaded button, according to one or
more embodiments.

FIG. 5 sets forth a flow chart illustrating an example
method for utilizing a fixation device, according to one or
more embodiments.

FIG. 6 sets forth a line drawing of a schematic view
utilizing a fixation device, according to one or more embodi-
ments.

FIG. 7 sets forth a line drawing of a schematic view
utilizing multiple fixation devices, according to one or more
embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary methods, apparatus, and products for a vector
fixation device in accordance with the present invention are
described with reference to the accompanying drawings,
beginning with FIG. 1. In one or more embodiments, the
present invention is directed to a vector fixation device that
provides a supportive enclosure for a tension element that
extends outside the vector fixation device poly-axially.

FIG. 1 sets forth a cross section view of a fixation device
(100), or fixation apparatus, for fractured bone or tissue
repair, according to one or more embodiments. Fixation
device (100) may be a cannulated bone screw, vector screw,
vector anchor, or any similar cannulated member that is used
to reinforce the fixation within bone or other organic tissue
in a body. In one or more embodiments, fixation device
(100) may include a drive feature used to insert the fixation
device (100) into organic tissue, such as bone, which will be
described in more detail with respect to FIGS. 2-3. In one or
more embodiments, fixation device (100) includes a
threaded portion (135), such as helical ridges on an outside
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surface of fixation device (100) that facilitates entry into the
tissue using a screw motion. In one or more embodiments,
the threaded portion (135) may encompass the entire surface
of' the fixation device (100). The threaded portion (135) may
also be a tissue engagement portion, and fixation device
(100) may include other non-helical ridges to prevent migra-
tion of fixation device (100) once it is inserted into bone or
other tissue. For example, fixation device (100) may include
anti-migration elements on an outside surface, including ribs
or grooves on the outside surface or a porous mesh on the
outside surface of the fixation apparatus for a tissue
ingrowth portion to affix the fixation apparatus in position in
organic tissue.

Fixation device (100) includes a proximal end (105) and
a distal end (110). Proximal end (105) includes a reception
portion (125) within which a surgical button (120) or other
anchor may be loosely or rigidly attached to the fixation
device (100). For example, in one or more embodiments, the
anchor may be simply a tension element that has been
knotted such that it is anchored at the proximal end (105)
without the use of a surgical button.

According to one or more embodiments, the surgical
button (120) may sit within the reception portion (125). In
one or more embodiments, surgical button (120) may be a
height adjusting button, a free floating button, or a retained
button. That is, surgical button (120) may fit over the
proximal end (105) of fixation device (100), may sit inside
proximal end (10) of fixation device (100), or may float atop
proximal end (105) of fixation device (100). Adjustment of
the placement of the button with respect to the fixation
device allows the button to protrude from the proximal end
(105) of the fixation device, to be flush with the proximal
end (105) of the fixation device, or to be fully hidden within
the proximal end (105) of the fixation device. Adjusting the
placement or the button with respect to the fixation device
allows the fixation device (100) and button (120) to sit flush,
above, or below bone or other organic tissue, and allows the
button to be strategically positioned around sensitive
anatomy.

In one or more embodiments, either or both of fixation
device (100) and surgical button (120) may include features
that allow for rigid coupling of the surgical button (120) to
the fixation device (100). These features may include, for
example, helical threads or other ridges that affix the surgical
button to proximal end (15) of fixation device (100), as will
be described in further detail with respect to FIG. 4. The
position of surgical button (120) may be adjusted with
respect to fixation device (100) without causing a change in
a position of the fixation device within organic tissue.

Surgical button (120) provides an anchor for tension
element (115). However, in one or more embodiments,
tension element (115) may be anchored without the use of
surgical button (120). In one or more embodiments, tension
element (115) may be sutures, synthetics, biologic, or a
combination of materials, including grafted tissue, and may
be secured, for example, using a knot, to surgical button
(120), or directly within proximal end (105) without the use
or a surgical button (120). Tension element (115) may be
used to tighten or hold two or more segments of organic
tissue. In one or more embodiments, tension element (115)
may be used to tighten or hold a tendon to a bone. For
example, tension element (115) may be knotted more tightly
at surgical button (120) to cause greater tension in tension
element (115).

Tension element (115) passes through fixation device
(100) through chamber (130) in the distal end (110), and
chamber (130) provides a supportive enclosure for tension
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element (115). In addition, the proximal end (100) also
includes a hollow portion that allows tension element (115)
to pass through the entire fixation device (100) from proxi-
mal end (105) to distal end (110). Tension element (115)
passes through chamber (130) at an axis corresponding to
that of the central axis of fixation apparatus (100) from the
proximal end (105) to distal end (110).

According to one or more embodiments, tension elements
(115) exits fixation device (100) at the distal end (110) at an
axis independent of the axis of the fixation apparatus from
the proximal end (105) to the distal end (110). Said another
way, tension element (110) redirects a force vector of the
tension element (115) poly-axially at the distal end (110). As
will be described with respect to FIGS. 6-7, in one or more
embodiments, tension element (115) may pass through
chamber (130) and anchor to one or more additional
anchors, surgical buttons, or fixation devices independent
from fixation device (100), within a same organic tissue
segment, or across multiple tissue segments.

FIG. 2 sets forth a diagram of an example fixation device
(200) for fractured bone or tissue repair utilizing an external
drive portion, according to one or more embodiments. As in
FIG. 1, fixation device (200) includes a proximal end (105)
and distal end (110). Surgical button (120) sits inside button
reception portion (125) of fixation device (200). Fixation
device (200) also includes a chamber that acts as a support-
ive enclosure for tension element (115), which is anchored
at surgical button (120). Fixation device (200) also depicts
external drive portion (210), which provides a surface for a
user to apply a force such that the helical ridges in threaded
portion (135) drives fixation device (200) into organic tissue,
such as bone. In one or more embodiments, the threaded
portion (135) acts as an anti-migration element, to affix the
fixation device (300) in position in organic tissue.

FIG. 3 sets forth a diagram of an example fixation device
for fractured bone or tissue repair utilizing an internal drive
portion, according to one or more embodiments. As in FIG.
1, fixation device (300) includes a proximal end (105) and
distal end (110). Surgical button (120) sits inside button
reception portion (125) of fixation device (300). Fixation
device (300) also includes a chamber that acts as a support-
ive enclosure for tension element (115), which is anchored
at surgical button (120). Fixation device (300) also depicts
internal drive portion (310), which provides a surface for a
user to apply a force such that the helical ridges in threaded
portion (135) drives fixation device (300) into organic tissue,
such as bone. In one or more embodiments, the threaded
portion (135) acts as an anti-migration element, to affix the
fixation device (300) in position in organic tissue.

FIG. 4 sets forth a cross section view of a fixation device
for fractured bone or tissue repair utilizing a threaded button,
according to one or more embodiments. As in FIG. 1,
fixation device (400) includes a proximal end (105) and
distal end (110). Tension element (115) is also threaded
through chamber (130), and threaded portion (135) includes
helical ridges on an outside surface of fixation device (100)
that facilitates entry into the tissue.

Fixation device (400) additionally includes threaded sur-
gical button (420) that is affixed inside button reception
portion (425) of fixation device (400) using helical ridges, or
threads, inside button reception portion (425). In one or
more embodiments, threaded surgical button (420) may
include other characteristics, such as non-helical ridges, that
allow threaded surgical button (420) to loosely but securely
couple to fixation device (400) within button reception
portion (425). Thus, the position of surgical button (420)
may be adjusted with respect to fixation device (400)
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without causing a change in position of the fixation device
(400) within the organic tissue.

For example, in one or more embodiments, threaded
surgical button (420) may be screwed, or otherwise adjusted,
in or out of button reception portion (425) to adjust the
height of the button with respect to fixation device (400).
Adjusting the position of the threaded surgical button (420),
or any button (i.e., surgical button 120), causes a change in
the tension in tension element (115) without adjusting the
position of fixation device (400). The button may be rest
above, within, or partially extended from the proximal end
of fixation device and strategically positioned around sen-
sitive anatomy. In one or more embodiments, threaded
surgical button (420) may be adjusted to modify the tension
of tension element (115) to hold a segment of organic tissue
to another segment of organic tissue, or tendon to a bone for
healing. For example, increasing the height of threaded
surgical button (420) will cause an increased tension in
tension element (115) when tension element (115) is
anchored at threaded surgical button (420).

FIG. 5 sets forth a flow chart illustrating an example
method for utilizing a fixation device, according to one or
more embodiments. While the steps provided are listed in a
linear order, according to one or more embodiments, any or
all of the steps may occur in a different order, or simulta-
neously. In addition, in one or more embodiments, one or
more of the steps may be omitted. In the example method of
FIG. 5, reference may be made to the example fixation
devices with reference to FIGS. 1-4.

The example method of FIG. 5 includes inserting (505) a
fixation device (100) into a first segment of organic tissue
along a central axis of the fixation device (100). In one or
more embodiments, the fixation device is inserted by apply-
ing a force to the drive portion (210, 310), to cause the
fixation device (100) to enter organic tissue. In one or more
embodiments, the fixation device may be affixed into
organic tissue using anti-migration elements on a threaded
portion, or tissue engagement portion, such as the helical
ridges, non-helical ridges, ribs, grooves, porous mesh, or
any other feature on an external portion of the fixation
device that affixes the fixation device into position in organic
tissue. The fixation device (100) is placed into a proximal
bone or other tissue segment at an appropriate depth.

The example method also includes threading (510) a
tension element (115) through a chamber portion (130) of
the fixation device (100). In one or more embodiments, the
fixation device (100) is inserted prior to inserting the fixation
device (100) into the organic tissue by drilling a primary
tunnel to allow passage of the tension element (115), as well
as a toggle to guide the tension element. The toggle is loaded
with the tension element (115) and passed through the
tunnel. Then the fixation device (100) is loaded over the
tension element (115) with the tension element running
through the chamber (130). The tension element (115) is
threaded through the chamber (13) in fixation device (100)
such that the tension element (115) is independent from the
fixation device (100).

The example method also includes anchoring (515) the
tension element to a second segment of organic tissue such
that the tension element exist the fixation device (100) at an
axis different than the axis of the fixation device. In one or
more embodiments, the anchor is a second surgical button
that is placed in the second segment of organic tissue either
with or without a second fixation device or surgical button.
The second segment of organic tissue may be an indepen-
dent segment or organic tissue, or merely a second portion
of one organic tissue. In one or more embodiments, the
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tension element is attached to the anchor by drilling a second
tunnel in the second segment of organic tissue. The tension
element (115) may be intercepted from the primary tunnel
and pulled through the secondary tunnel to attach to the
second anchor. In one or more embodiments, the tension
element may be placed to hold a tendon to a bone for
healing. Further, in one or more embodiments, multiple
other fixation devices may be used in conjunction.

The example method also includes anchoring (520) the
tension element (115) at a proximal end (105) of the fixation
device (100). The tension element (115) is anchored such
that the anchor, such as the knotted tension element or a
surgical button, is appropriated below, at, or above the
cortical bone edge.

In one or more embodiments, the method includes anchor-
ing (525) the tension element at the proximal end of the
fixation device (100) to a surgical button (120) coupled to
the fixation device (100) at a button reception portion.
Anchoring the tension element may include threading the
tension element (115) through the button (120) and securely
tightening, for example knotting, tension element (115). The
surgical button (120) is coupled, loosely or rigidly, to the
fixation device (100) such that adjustment of the surgical
button with respect to the fixation device does not cause a
change in a position of the fixation device (100).

The example method also includes modifying (530) a
tension of the tension element using the surgical button.
Adjustment of the surgical button (120) with respect to the
fixation device does not cause a change in a position of the
fixation device (100). For example, in one or more embodi-
ments, the button reception portion includes threads that
couple the surgical button to the fixation device. The height
of the surgical button with respect to the fixation device, or
the anchor of the tension element at the surgical button, may
be adjusted using the threads to modify the tension of the
tension element.

FIG. 6 discloses a schematic view of utilizing a fixation
device, according to one or more embodiments. It will be
understood that the following description is merely intended
to provide an example of one or more embodiments, and is
not intended to limit the various embodiments of the inven-
tion.

FIG. 6 includes two organic tissue segments (605A,
605B). Fixation device (600) is inserted into organic tissue
segment (605A), and tension elements (615A, 615B) are
threaded through fixation device (600). Tension elements
(615A, 615B) are anchored to surgical anchors (610A,
610B) in organic tissue segment (605B). In one or more
embodiments, surgical anchors (610A, 610B) are surgical
buttons, or any other anchor used to anchor a tension
element in organic tissue. As depicted, fixation device (600)
may be used to connect one or more tension elements to
several other anchors or fixation devices.

Tension elements (615A, 615B) follow a central axis of
fixation device (600) within the chamber. Upon exiting
fixation device (600) at the distal end, tension elements
(615A, 615B) run from the distal end of fixation device
(600) to each of surgical anchor (610A) and surgical anchor
(610B) at angle such that the tension elements (615A, 615B)
run from the distal end of fixation device (600) to each
surgical anchor (610A, 610B) at a different axis than the
central axis of fixation device (600). That is, upon exiting the
distal end of fixation device (600), the tension in tension
elements (615A, 615B) is redirected at angles towards
surgical anchors (610A, 610B), respectively, as the tension
elements exit the fixation device poly axially, at an axis
independent of the axis of the fixation device.
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According to one or more embodiments, the tension in
tension elements (615A, 615B) can be adjusted at fixation
device (600), for example, by adjusting a surgical button
coupled to fixation device (600), as described above. In one
or more embodiments, adjusting the tension in tension
elements (615A, 615B) causes the organic tissue segments
(605A, 605B) to be held together, or in a position suitable for
healing.

FIG. 7 discloses a schematic view of utilizing multiple
fixation devices, according to one or more embodiments. It
will be understood that the following description is merely
intended to provide an example of one or more embodi-
ments, and is not intended to limit the various embodiments
of the invention.

FIG. 7 includes two organic tissue segments (705A,
705B). Fixation devices (700A, 700B) are inserted into
organic tissue segments (705A, 705B), respectively, and
tension element (715) is threaded through fixation devices
(700A, 700B). Tension element (715) is anchored to surgical
buttons or other anchors couple to each of fixation devices
(700A, 700B) in organic tissue segments (705A, 705B).

Tension element (715) follows a central axis of fixation
device (700A) and a central axis of fixation device (700B)
within the chambers of each fixation device. Upon exiting
each fixation device at the distal end, tension element (715)
runs from the distal end of fixation device (700A) to the
distal end of fixation device (700B) at angle such that the
tension element (715) runs between fixation device (700A)
and fixation device (700B) at a different axis than the central
axis of either of fixation device (700A) or fixation device
(700B).

According to one or more embodiments, the tension in
tension elements (715) can be adjusted at either or both or
fixation device (700A) and fixation device (700B), for
example, by adjusting a surgical button coupled to fixation
device (700A) or fixation device (700B), as described above.
In one or more embodiments, adjusting the tension in
tension element (715) causes the organic tissue segments
(705A, 705B) to be held together, or in a position suitable for
healing. In one or more embodiments, additional devices
may be used to support tension element (715), such as graft
(720).

In view of the explanations set forth above, readers will
recognize that the benefits of the vector fixation device
according to embodiments of the present invention include
utilizing a reinforced fixation within the bone or tissue by
means of a cannulated member, such as a cannulated bone
screw or other fixation device. The fixation device reinforces
a tension element using the fixation device allows for poly
axial tension elements. The ability to secure tissue in direc-
tions that are not co-axial with the fixation apparatus allows
for repair of comminuted fractures, small bones, and com-
plex anatomy. The incorporation of a polyaxial tension
element within a fixation apparatus enables surgeons to
combine soft tissue repairs and fusion procedures with a
singular device that may be more efficient than traditional
techniques.

In addition, a more secure docking point than a simple
surgical button or anchor. Further, the benefits of the fixation
device according to embodiments of the invention include a
protective chamber for the tension element as it passes
through organic tissue. In one or more embodiments, utiliz-
ing the fixation device allows a surgeon to secure complex
off-axis tension elements at any depth and angle within
bones or other tissue. Further, in one or more embodiments,
utilizing the fixation device offers an eased ability to retrieve
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and adjust a suture as it is anchored by a surgical button on
an outer surface of organic tissue.

It will be understood from the foregoing description that
modifications and changes may be made in various embodi-
ments of the present invention without departing from its
true spirit. The descriptions in this specification are for
purposes of illustration only and are not to be construed in
a limiting sense. The scope of the present invention is
limited only by the language of the following claims.

What is claimed is:

1. An orthopedic implant system, comprising:

a cannula including a body, a proximal end, a distal end
opposite the proximal end, an inner surface, and an
outer surface; the body sized and configured for inser-
tion within a first bone tunnel having a first axis in a
first bone, the body defining a passage that extends
from the proximal end to the distal end, the proximal
end having a button reception portion and a drive
portion, the outer surface having a threaded portion
extending radially from the body;

a button including a top end surface, a bottom end surface,
and a circumferential outer surface, wherein the button
defines a first aperture that extends from the top end
surface to the bottom end surface and a second aperture
that extends from the top end surface to the bottom end
surface; the button configured and arranged to be
removable affixed to the button reception portion of the
cannula;

a suture anchor configured and arranged to engage a
second bone including a second bone tunnel having a
second axis, wherein the first axis is independent of the
second axis; and

a suture configured and arranged to loop through the
passage, the distal end, the second bone tunnel; wherein
the suture is coupled to the suture anchor and tension-
able through the first aperture and the second aperture
of the button.

2. The system of claim 1, wherein the outer surface is

symmetric about the first axis.

3. The system of claim 1, wherein the drive portion is a
hexagonal feature on the inner surface.

4. The system of claim 1, wherein the proximal end is
configured to rest at or below a top surface of bone.

5. The system of claim 4, wherein the top end surface is
configured to rest at or below the top surface of bone.

6. The system of claim 1, wherein the passage is substan-
tially collinear with the first axis.

7. The system of claim 1, wherein the suture is configured
to be looped through the passage and a third bone tunnel
along a third axis, to couple a second suture anchor and the
button.

8. The system of claim 1, wherein the suture anchor is a
second cannula and a second button.

9. The system of claim 1, wherein the suture is threaded
through the first aperture and the second aperture from the
bottom end surface to the top end surface of the button,
wherein the suture is tightened at the top end surface.

10. The system of claim 1, wherein the top end surface
and the bottom end surface of the button are flat.

11. The system of claim 1, wherein the circumferential
outer surface of the button is threaded; wherein the button
reception portion is threaded; wherein screwing the button
within the button reception portion adjusts the height of the
button with respect to the cannula; and wherein increasing
the height of the button with respect to the cannula increases
tension in the suture.
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12. A surgical method, comprising:

forming a primary bone tunnel in a first bone along a first
axis;

forming a secondary bone tunnel in a second bone along
a second axis, wherein the second axis is independent
from the first axis, wherein a suture anchor engages the
second bone;

selecting a cannula including a body, a proximal end, a
distal end opposite the proximal end, an inner surface,
and an outer surface; the body sized and configured for
insertion within the first bone tunnel, the body defining
a passage that extends from the proximal end to the
distal end, the proximal end having a button reception
portion and a drive portion, the outer surface having a
threaded portion extending radially from the body;

inserting the cannula within the primary bone tunnel;

providing a button at the button reception portion, the
button including a top end surface, a bottom end
surface, and a circumferential outer surface, wherein
the button defines a first aperture that extends from the
top end surface to the bottom end surface and a second
aperture that extends from the top end surface to the
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bottom end surface; the button configured and arranged
to be removable affixed to the button reception portion
of the cannula;

looping the suture through the passage, the distal end, the

second bone tunnel;

coupling the suture to the suture anchor; and

tensioning the suture through the first aperture and the

second aperture of the button.

13. Amethod, as in claim 12, further comprising inserting
the cannula to rest at or below a top surface of bone.

14. A method, as in claim 13, further comprising inserting
the button to rest at or below the top surface of bone.

15. A method, as in claim 12, further comprising passing
the suture through a tissue graft.

16. A method, as in claim 12, wherein the suture anchor
is a second cannula and a second button.

17. A method, as in claim 12, further comprising fixedly
securing the suture to the button, the button to the button to
the reception portion, and the suture to the suture anchor
without tying any knots.

18. A method, as in claim 12, comprising fixedly securing
a second anchor to said suture through a third bone tunnel
having a third axis.



